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ABSTRACT
Counter-streaming flows in a small (100′′-long) solar filament/filament channel are directly observed in
high-resolution SDO/AIA EUV images of a region of enhanced magnetic network. We combine images from
SDO/AIA, SDO/HMI and IRIS to investigate the driving mechanism of these flows. We find that: (i) counter-
streaming flows are present along adjacent filament/filament channel threads for ∼ 2 hours, (ii) both ends of
the filament/filament channel are rooted at the edges of magnetic network flux lanes along which there are im-
pinging fine-scale opposite-polarity flux patches, (iii) recurrent small-scale jets (known as network jets) occur
at the edges of the magnetic network flux lanes at the ends of the filament/filament channel, (iv) the recurrent
network jet eruptions clearly drive the counter-streaming flows along threads of the filament/filament channel,
(v) some of the network jets appear to stem from sites of flux cancelation, between network flux and merg-
ing opposite-polarity flux, and (vi) some show brightening at their bases, analogous to the base brightening in
coronal jets. The average speed of the counter-streaming flows along the filament/filament channel threads is
70 km s−1. The average widths of the AIA filament/filament channel and the Hα filament are 4′′ and 2.5′′,
respectively, consistent with the earlier findings that filaments in EUV images are wider than in Hα images.
Thus, our observations show that the continually repeated counter-streaming flows come from network jets, and
these driving network-jet eruptions are possibly prepared and triggered by magnetic flux cancelation.
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1. INTRODUCTION
Solar filaments (on-disk), and/or solar prominences (off-
limb) are mainly composed of cool and dense plasma, sus-
pended in the hotter solar corona (Engvold 1976; Hirayama
1985; Tandberg-Hanssen 1995; Mackay et al. 2010; Labrosse
et al. 2010; Parenti 2014). They lie above photospheric mag-
netic neutral lines (also known as polarity inversion lines;
Babcock & Babcock 1955), i.e. between opposite-polarity
magnetic field regions (Martin 1973). The cool filament
plasma is trapped in highly sheared magnetic field lines (van
Ballegooijen & Martens 1990; Martens & Zwaan 2001).
It is well known that the macroscopic filament structure is
composed of several fine-scale threads (Engvold 1976; En-
gvold et al. 2001; Lin et al. 2005). The main body of a fila-
ment, known as the spine, runs horizontally along the photo-
spheric neutral line. So-called barbs protrude from both sides
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of the spine and connect to the photosphere (Martin 1998);
they supposedly tether the filament system (Engvold 1976).
The presence of cool plasma flows along the spine of the fil-
ament, as well as in the barbs, have been observed in high
resolution images (Lin et al. 2003, 2005). Sometimes plasma
flows in opposite directions (bi-directional flows) are seen
along a filament thread or along adjacent filament threads.
Using Hα data from BBSO, Zirker et al. (1998) re-
ported bi-directional/anti-parallel flows, which they named
as “counter-streaming” flows, in the entire structure of the
filament (including spine and barbs). They detected both
redshifts and blueshifts in the wings of the Hα line, which
indicate plasma flows toward and away from the observer. In
their study, what drives the bi-directional flows remains un-
known. Later, similar bi-directional flows were also reported
by Lin et al. (2003, 2005); Chae et al. (2007); Schmieder et al.
(2008); Panasenco & Martin (2008) and Ahn et al. (2010).
Alexander et al. (2013) reported counter-streaming flows
in an active region filament using high resolution EUV
193 Å images from the High-resolution Coronal Imager
(Hi-C) and they concluded that counter-streaming flows
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are not discernible in the Solar Dynamics Observatory
(SDO)/Atmospheric Imaging Assembly (AIA) data because
of its larger pixel size in comparison to Hi-C. Recently, Dier-
cke et al. (2018) reported anti-parallel flows in a quiescent
filament using EUV images from SDO/AIA. However, the
flows were not directly visible in the AIA images; Diercke
et al. (2018) had to apply image enhancement techniques and
local correlation tracking (LCT) to the AIA images to detect
the horizontal flows along the filament. The driving mecha-
nism of the bi-directional flows are not investigated in any of
the above mentioned studies.
A possible driving mechanism for the flows is magnetic
reconnection at the ends of the filament. But until now, there
have been no systematic observational studies of the origin
of the bi-directional flows in filaments. In this Letter, we
address this key question: What drives the counter-streaming
flows in solar filaments/filament channels.
Recently, Panesar et al. (2018b, 2019) reported small-scale
network jets (such as observed by Tian et al. 2014 and also
known as jetlets Raouafi & Stenborg 2014) that are proposed
to be miniature versions of coronal jets, because they: (i) oc-
cur at the edges of magnetic network lanes between majority-
polarity network flux and merging minority-polarity flux,
(ii) show brightenings at their base, and (iii) are located at
the feet of far-reaching coronal magnetic field. The mag-
netic flux cancelation between majority-polarity network flux
and merging minority-polarity magnetic flux prepares and
triggers the jetlet eruption that ejects plasma out along the
pre-existing ambient far-reaching field, i.e., makes the jetlet
spire. All above properties are observed in most coronal jets
(see e.g., Panesar et al. 2016; McGlasson et al. 2019, and
references therein).
Here, from high resolution observations from SDO and
IRIS we report counter-streaming plasma flows in a fila-
ment/filament channel and that they are driven by network
jets. To the best of our knowledge, this is the first report
of direct SDO/AIA observations of counter-streaming flows
in a filament/filament channel displayed without using any
image enhancement technique. By studying continually re-
peated counter-streaming flows for two hours in the filament
channel, we find that counter-streaming flows come from re-
peated jetlets at both ends of the filament/filament channel.
These network jets occur at sites of flux cancelation at edges
of magnetic network flux lanes. We use the terms ‘network
jets’ and ‘jetlets’ interchangeably throughout the paper. On
the basis of the similarity of the observed flows in our fila-
ment with those in previous works (e.g., Zirker et al. 1998;
Alexander et al. 2013; Diercke et al. 2018), and to keep
consistency with the terminology in these papers, here we
mostly use the term “counter-streaming” to describe the anti-
parallel/bi-directional flows.
Figure 1. A small solar filament/filament channel observed on 8-
Jan-2016. Panel (a) shows the GONG Hα image of the solar fil-
ament. The white arrows point to the filament and the white box
shows the field of view analyzed in detail, and shown in Figures
1(b, c), and Figure 2. Panels (b) and (c) show a darkness contour of
the GONG Hα image of the dark filament drawn on a co-temporal
AIA 171 Å image of the same field of view. That is, the white con-
tour in (c) is from the GONG Hα image in (b) (at 07:59:54 UT) and
outlines the filament/filament channel in the GONG Hα image.
2. DATA SET
We used data from the Interface Region Imaging Spec-
trograph (IRIS; De Pontieu et al. 2014), AIA (Lemen et al.
2012) and Helioseismic and Magnetic Imager (HMI; Scher-
rer et al. 2012) from SDO (Pesnell et al. 2012), and Global
Oscillation Network Group (GONG; Harvey et al. 1996). A
small filament (100′′-long) was observed in a region of en-
hanced magnetic network on the solar disk (330′′, -175′′) on
8-Jan-2016 by IRIS and SDO/AIA and HMI. IRIS captured
the filament/filament channel for about an hour, from 07:50
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Table 1. Key Data of Jetlets at the Ends of the filament/filament
channel
Event East Enda Baseb Discerniblec IRISd
No. Jetlet Timing Brightening Minority flux Coverage
1. 07:36:34 Noe Yes No
2. 07:59:25 Yes Yes Yes
3. 08:21:22 Yes Yes Yes
4. 08:38:01f Yes Yes?g Yes
5. 08:42:16 Yes Yes Yes
6. 08:44:23 Yes Yes Yes
West Endh Basei
Jetlet Timing Brightening
7. 07:14:10 Yes Yes No
8. 07:37:22 Yes Yes No
9. 07:45:22 No Yes No
10. 08:43:46 No Yes?g No
aTiming of the visibility of the jetlet spire at the east end of the
filament using IRIS Si IV SJIs.
bWhether a brightening at the base of the jetlet is discernible in IRIS
Si IV SJIs.
c Whether minority-polarity flux is discernible at the base of the
jetlets.
dWhether this jetlet is observed by IRIS.
e This jetlet occurs before the start of the IRIS observations
(07:50:33–08:47:33).
f IRIS has some bad frames (due to south atlantic anomaly) so the
jetlet is not visible at this time. Therefore, we use AIA 171 Å images
for timing of this event.
gMinority-polarity flux is visible near the base of the jetlet but is
not as near as in the other eight events.
hTiming of the visibility of the jetlet spire at the west end of the
filament using AIA 171 images (Figure 4).
i Whether a brightening at the base is discernible in AIA 171 Å.
– 08:47 UT. We study the same region for 2 hours (07:00–
09:00) using SDO data.
IRIS provides both slit-jaw images (SJIs) and spectra of the
Sun with high spatial resolution of 0′′.16 pixel−1 and tempo-
ral cadence as high as 1.5 s in four different wavelengths (C II
1330, Si IV 1400, Mg II k 2796, and Mg II wing 2830). For
study of the network jets, we used IRIS Si IV slit-jaw images
that have a temporal cadence of 21 seconds. Network jetlets
show-up better in Si IV slit-jaw images than in the other slit-
jaw images. The FOV we investigate is not covered by the
IRIS slit.
Simultaneously, we used extreme-ultraviolet (EUV) im-
ages from AIA onboard SDO to study the filament/filament
channel. AIA captures high spatial resolution (0′′.6 pixel−1)
full-Sun images, at 12 s temporal cadence, in seven different
EUV channels. For our investigations, we used 304, 171, 193
and 211 Å images and we found that the counter-streaming
flows were best seen in 171 Å images.
To study the photospheric magnetic field evolution of the
filament ends and jetlets, we used line of sight (LOS) magne-
tograms from HMI onboard SDO. HMI LOS magnetograms
have spatial resolution of 0′′.5 pixel−1, a temporal cadence
of 45 s, and a noise level of about 7 G (Schou et al. 2012;
Scherrer et al. 2012; Couvidat et al. 2016). We used GONG
Hα data to confirm that the filament was visible in Hα filter-
grams.
IRIS, AIA and HMI data sets are co-aligned using SSW
routines (Freeland & Handy 1998). To enhance the visibil-
ity of weak minority-polarity flux patches at the edges the
magnetic network lanes, we summed two consecutive mag-
netograms at each time step. We have created movies, using
IRIS, AIA and HMI data, to follow the evolution of counter-
streaming plasma flows and jetlets together with their under-
lying magnetic field. We have overplotted contours, of ±20
G, of HMI LOS magnetograms. The white arrows and blues
circles in the movies point to the jetlet spire and jetlet base,
respectively. By westward or eastward flow, we mean plasma
flows towards solar west or towards solar east, respectively.
3. RESULTS
3.1. Overview
Figures 1a and 1b show the filament observed by GONG
in Hα (see white arrows in Figure 1a), and Figure 1c shows
the same filament in AIA 171 Å image. The white contour
outlines the filament/filament channel in the Hα image, and
the FOV of the white box is used for detailed analysis of SDO
and IRIS data. The filament has a wider appearance in AIA
EUV images than in Hα images, particularly in the middle
segment. That the measured width of filaments is wider in
EUV images than in Hα images has been reported by Heinzel
et al. (2001); Aulanier & Schmieder (2002); Heinzel et al.
(2003); Dudı´k et al. (2008); Parenti (2014); Diercke et al.
(2018).
The filament/filament channel in our study is similar to
that reported by Alexander et al. (2013). Both in Alexan-
der et al. (2013) and in our observations, the Hα filament (i)
appears narrower than the filament/filament channel in AIA
and Hi-C EUV images (Figure 1; see Figure 7 for our com-
parison of measured widths), and (ii) does not show the two-
strand structure seen in EUV images that show the counter-
streaming flows. On the basis of these strong qualitative sim-
ilarities between our filament/filament channel and the fila-
ment/filament channel of Alexander et al. (2013), we believe
that we are observing the same phenomenon as observed by
Alexander et al. (2013), which they call “counter-streaming”
flows. We therefore follow the same terminology. Further,
4 Panesar et al.
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Figure 2. Overview of the filament observed on 8-Jan-2016. (a)
AIA 171 Å image of the filament. The white arrows point to the
filament. (b) AIA 304 Å image of the filament. (c) HMI magne-
togram showing the photospheric magnetic field of the same region.
(d) IRIS Si IV SJI covering most of the same region. The black
boxes show the locations of network jetlets at the east end of the
filament (EEF) and at the west end of the filament (WEF), and are
the FOVs analyzed in detail in Figures 3 and 4. The WEF is not
covered by the IRIS FOV (the white region in d). In (b) and (d),
±20 Gauss Green and black contours (at 08:00:23UT) outline the
positive- and negative-polarity flux patches, respectively. MOVIE1
is an animation of this Figure.
because the middle segment of the filament in the AIA EUV
images is wider than the filament in the Hα image, we use
the term filament/filament channel for the two-stranded EUV
structure that closely tracks the Hα filament.
Figure 2 shows the same Hα filament observed with AIA
and IRIS images (see white arrows). It is an intermediate fil-
ament (Gaizauskas et al. 1997; Gaizauskas 1998) in the en-
hanced network remnant of decayed active region AR 12476,
with east foot anchored in negative polarity magnetic flux,
and the west foot rooted in positive polarity flux. The Hα fil-
ament resides above a weak magnetic neutral line, the north-
ern/southern part of which has dominant positive/negative
magnetic polarity (see, Figure 2c).
During one hour of IRIS coverage, we noticed several net-
work jetlets at the east end of the filament (EEF), (see Fig-
ure 2d) that occur at the edges of the magnetic network lane
between the majority-polarity negative magnetic flux of the
network lane and a merging weak minority-polarity (posi-
tive) magnetic flux patch. At the same time, these jetlets
also appear in AIA images but not as clearly as in IRIS SJIs
(see MOVIE1). We use AIA 171 and 304 Å images to study
the jetlets at the west end of the filament (WEF) because the
WEF is not covered by the IRIS FOV (Figure 2d). The prop-
erties of these jetlets are similar to the jetlets observed by
Panesar et al. (2018b, 2019). In Table 1, we list 10 randomly-
selected network jetlets that occur at the two ends of the fila-
ment. Here, we present jetlets (2 and 5) from the east end of
the filament/filament channel and jetlets (8 and 9) from the
west end of the filament/filament channel .
3.2. Counter-Streaming Flows and Network Jetlets at the
East End of the Filament/Filament channel
Jetlet-2: Figures 3(a) and (d) show the example of jetlet-
2, from Table 1, observed by IRIS and AIA. The accompa-
nying movies (MOVIE1 and MOVIE2) show the complete
evolution of the jetlet. At 07:57:38, the jetlet spire starts
to rise (MOVIE1 and MOVIE2) and it continues to grow
until 08:00:49. We also see brightening in Si IV SJIs at
the base of the jetlet at about 07:58:21 (see blue circle at
07:59:25 in MOVIE2). At 07:58:21, a faint brightening at
the base also appears in 171 Å images (MOVIE2). Soon af-
ter the start of the jetlet spire, plasma begins to flow along
the filament/filament channel strands (shown by the arrows
in Figure 3e and MOVIE). The westward flow shows that the
filament/filament channel is made up of several horizontal
threads, like those in the filament studied by Alexander et al.
(2013).
The east end of the filament/filament channel is rooted at
the west edge of a negative-polarity-network patch of mag-
netic flux (Figures 2b,c). IRIS and HMI movies show net-
work jetlets that originate from that edge of the negative net-
work flux patch. We observe an opposite-polarity weak mag-
netic flux patch present near that edge of the negative-polarity
network flux patch, and that the flow-driving jetlet (jetlet-2)
erupted from the neutral line between the negative-polarity
network flux patch and the weak positive flux patch (see red
arrow in Figures 3b,c), which was merging into the negative
network flux patch and evidently canceling with it.
Figure 5a shows the minority-polarity (positive) flux plot
of the region that is bounded by the yellow box of Figure
3b. The positive flux decreases between 07:55 and 07:58 UT,
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Figure 3. Jetlets at the east end of the filament/filament channel. Panels (a) and (d) show the IRIS Si IV SJI and AIA 171 Å images of the onset
of jetlet 2; the white arrows point to the jetlet spire. Panels (b) and (c) show the HMI magnetograms of the same region; the red arrow in each
magnetogram points to the minority-polarity canceling flux patch, the yellow box shows the area that is used to calculate the flux evolution plot
shown in Figure 5a, and the magenta box shows the area that is used to estimate the noise in the measured flux plotted in Figure 5a. Panels (e)
and (f) show AIA 171 images of the filament and have the same FOV as in Figure 2. The white arrows show the direction of the westward flow
that is driven by the jetlet shown in a and d; the black box shows the FOV displayed in panels a, b, c, and d, and the white lines (1-3) in (f) show
the cuts across the filament threads used for measuring the intensity for the plot shown in Figure 7. In panels (a and d) HMI contours (of level
±20 G) of 07:49:53 are overlaid, where green and black represent positive and negative polarities, respectively. Panels (g) and (j) show the IRIS
Si IV SJI and AIA 171 Å images of jetlet-5 from the same region. The black box in (k) shows the FOV displayed in panels (g, h, i, and j). The
white dashed lines in panel (l) show the two eastwest cuts for the two time-distance maps in Figure 6. In panels (g and j) HMI contours (of
level ±20 G) of 08:42:23 are overlaid, where green and black represent positive and negative polarities, respectively. Other annotated features
are the same as above. Animation (MOVIE2) of this Figure is available.
presumably due to flux cancelation that prepares and trig-
gers the eruption of jetlet-2 (see MOVIE2). During the same
time, there appears to be also a decrease in negative flux at
the adjacent edge of the negative-network flux patch (see red
arrow in Figures 3b,c), and this suggests that flux cancela-
tion is occurring. Presumably, the flux cancelation prepares
and triggers the eruption of the jetlet, and that jetlet drives
the westward streaming flow in the filament/filament channel
strand. Large-scale coronal jet eruptions (Panesar et al. 2016,
2017; Sterling et al. 2017; Panesar et al. 2018a; McGlasson
et al. 2019) and jetlets (Panesar et al. 2018b, 2019) are also
seen to be prepared and triggered by flux cancelation at an
underlying neutral line.
To estimate the uncertainty in the measured flux plotted in
Figure 5a, we selected an apparently flux-free region (out-
lined by the magenta box in Figure 3b, which is of the same
6 Panesar et al.
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Figure 4. Jetlets at the west end of the filament/filament channel . Panel (a) shows an AIA 171 Å image of the onset of jetlet-8. The white arrow
in (a) points to the base of the jetlet spire. HMI contours (of level ±20 G) of magnetogram of 07:35:38 are overlaid onto panel (a), where green
and black represent positive and negative polarities, respectively. Panels (c) and (d) show the HMI magnetogram of the same region; the red
arrow points to the minority-polarity (negative) canceling flux patch. Panel (e) shows an AIA 171 Å image of jetlet-9; HMI contours (of level
±20 G) of magnetogram of 07:46:53 are overlaid onto panel (e), where green and black represent positive and negative polarities, respectively.
The white arrows in (b) and (f) show the path of the eastward flow. The black boxes in (b,f) show the FOV displayed in (a, c,d, e, g, and h). The
blue box in (g) shows the area used to calculate the flux plot shown in Figure 5b and the magenta box shows the area that is used to estimate
the error bars. Animation (MOVIE3) of this Figure is available.
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size as the yellow box in which the flux for the plot in Fig-
ure 5a was measured) that has no visibly discernible non-
noise magnetic flux in it throughout the time period of the
flux plot in Figure 5a. The uncertainty (from magnetogram
noise) in the flux measured in the yellow box was estimated
by smoothing (by a factor of two) and adding up the total
unsigned flux in all of the pixels in the magenta box in each
frame. We then averaged the values of total unsigned flux
over time. The half of this value is 3.6 × 1016 Mx, which is
plotted in Figure 5a as error bars for positive magnetic flux.
The error bar for Figure 5b and the uncertainty in the Figure 4
magnetogram field strength were estimated in the same way,
using the magenta box in Figure 4g: we obtained ± 6.4 ×
1016 Mx for the error bars in Figure 5b for negative magnetic
flux. Note that the measured flux (the solid curve) in Figure
5a and in Figure 5b is above zero by more than the down-
ward extents of the error bars for the entire time interval of
each of the two plots; this demonstrates that the flux in each
of the two measured minority flux patches is definitely above
noise, and hence that each of these minority flux patches is
real, not just noise.
Jetlet-5: Figures 3(g)-(j), and accompanying movies
(MOVIE1 and MOVIE2), show the example of jetlet-5 from
Table 1. The white arrow points to the jetlet spire, which
was visible between 08:41:54 and 08:43:19 in Si IV SJIs
(MOVIE1 and MOVIE2), as well as in AIA images. IRIS
images also show base brightening during the onset of the
jetlet, but the AIA images do not show any corresponding
brightening at the base of the jetlet. In MOVIE1, we can
clearly see that westward flow in the filament originate from
this jetlet (the direction of the flows in shown in Figure 3k).
Jetlet-5 is rooted at the edge of a negative-polarity network
magnetic flux lane (Figures 3(g) and (h)). Unlike the case
of jetlet-2, we do not see any visible flux cancelation before
and during the onset of this jetlet. But we do see a decrease
in flux at the edge of the negative-polarity network flux lane
from where the jetlet starts from before to after the jet erupts.
Based on our previous experience, we suspect that there was
some weak small-scale minority-polarity flux present at the
base of the jetlet below the noise level of HMI but we cannot
rule out other possibilities with the given data set
Similarly, there are other jetlets that come from the same
network flux lane (see Table 1). MOVIE1 shows the com-
plete evolution of all the jetlets and westward-streaming
flows in the filament that come from the jetlets. Jetlets (2-6)
show base brightening during the eruption onset; these base
brightenings are clearly visible in the IRIS images. All the
jetlets are rooted at the edge of the negative magnetic net-
work flux lane. Right after a jetlet starts, usually flow along
a filament/filament channel thread stemming from the jetlet
begins to move westward along the thread. Figure 6a shows
a running-difference time-distance map along the northern
dashed line of Figure 3l. It shows obvious westward flows
in the filament’s threads; some of the flows are highlighted
with red-dashed arrows (see Section 3.4). These examples
clearly show that the flows are apparently driven by network
jetlet eruptions at sites of magnetic flux cancelation.
3.3. Counter-Streaming Flows and Network Jetlets at the
West End of the Filament/Filament channel
Jetlet-8: Figure 4(a) shows jetlet-8 in an AIA 171 Å
images. Note that the west end of the filament/filament
channel is not covered by IRIS. The accompanying movies
(MOVIE1 and MOVIE3) show the complete evolution of
jetlet-8. AIA 171 Å images show faint base brightening in
jetlet-8 (at 07:32:34, MOVIE3). The jetlet spire starts to
rise at about 07:34:58 and continues to grow (white arrow in
MOVIE3). Shortly after the onset of the jetlet spire, plasma
starts to move eastward along a filament/filament channel
thread stemming from the site of the jetlet (see white arrows
in Figure 4b and MOVIE1).
The jetlet erupts from the east edge of the majority-polarity
(positive) network flux lane (Figures 4a,c). The red arrows
in Figures 4c,d point to the weak minority-polarity negative
flux patch that converges towards the positive flux patch and
plausibly prepares and triggers the jetlet eruption. Figure 5b
shows a plot of the negative flux patch versus time during
the onset time of jetlet-8 (the first red line in Figure 5b). Al-
though, the MOVIE3 shows flux cancelation more clearly,
as mentioned before, the error bars in Figure 5b are large,
suggesting only marginal flux cancelation at the base of the
jetlet.
Jetlet-9: In Figure 4(e), we show an AIA 171Å image of
jetlet-9. The detailed evolution of the jetlet and its photo-
spheric magnetic field evolution can be seen in accompany-
ing movies (MOVIE1 and MOVIE3). A faint jetlet spire ex-
tends outward at 07:45:22 (shown with an arrow in Figure
4e and MOVIE3). Immediately after the appearance of the
spire, eastward flow begins to move in the filament’s thread,
along a thread stemming from the site of the jetlet. The white
arrows in Figure 4f highlight the eastward flow in the thread
of the filament/filament channel . Unlike for jetlet-8, we do
not see any brightening at the base of jetlet-9.
Figures 4(g,h) display the photospheric magnetic field evo-
lution of the base of the jetlet. The jetlet is rooted at the neu-
tral line between a majority-polarity (positive) network flux
lane and minority-polarity (negative) weak flux patch (red
arrows in Figures 4(g,h)). Figure 5b shows the minority-
polarity flux patch versus time. It shows a magnetic flux
evolution during the during the eruption of jetlet-9 (second
red line).
It is clear that the eastward-streaming flows from the west
end of the filament/filament channel are also driven by jetlets,
similar to the westward flows from the east end of the fil-
8 Panesar et al.
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Figure 5. Magnetic flux plots for jetlets (2, 8, and 9) of Table 1. Panel (a) shows the positive flux plot as a function of time computed inside
the yellow box of Figure 3b. Panel (b) shows the negative flux plot as a function of time computed inside the blue box of Figure 4g. The three
red vertical lines mark the onsets of the three jetlet spires. Error bars in each panel represent the the uncertainty in the measured magnetic flux
from magnetograph noise, as estimated in the way described in Section 3.2.
ament. The timings of significant jetlets are listed in Table
1. Just after each of these jetlets, plasma starts to flow east-
ward along the filament/filament channel thread. Figure 6b
displays clear evidence of the eastward flows in the south-
ern thread of the filament. Some of the stronger flows are
highlighted with red dashed arrows.
3.4. Flow Speed
Figure 6 shows horizontal flows in the northern thread and
in the southern thread of the filament/filament channel. To
present a clear picture of counter-streaming flows, we made
a running-difference time-distance map from along each of
the two white dashed lines of Figure 3l. These two maps
clearly show the plasma flows in opposite directions along
the filament/filament channel threads (see red arrows). In
the northern thread the plasma travels towards solar west
whereas in the southern thread the plasma travels towards
solar east. Thus, these are counter-streaming flows.
One can clearly see the persistent and continuous counter-
streaming flows in the two strands from 07:54 to 08:15 UT (in
Movie1) in 171Å images. The observed counter-streaming
flows are similar to the flows that are reported by Alexander
et al. (2013) in two adjacent strands of a filament in Hi-C 193
Å images. The counter-streaming flows are sporadic at times,
particularly in the beginning of the movie (Movie 1), in the
manner of the counter-streaming flows reported by Diercke
et al. (2018).
We also observed additional flows in the filament/filament
channel that are not on the path of either of these two selected
time-distance cuts. For example in Figure 6b, some strong
eastward flows that are driven by jetlets (7,8) (between 07:15
and 07:40 UT) and are not discernible due to the selection of
this time-distance cut.
Some of the counter-streaming flows are highlighted with
red-dashed arrows and their speeds are noted in Figure 6. The
westward and eastward flows move with an average speed of
73±16 km s−1 and 73±13 km s−1, respectively. Note that our
measured speeds are lower limits on the full speeds of the
3D flows because only the projected (proper-motion) speed
is measured; the full speed is the root-mean-square of proper-
motion speed (which we measure) and the speed along the
line of sight (which speed we do not measure, but we expect
it to be small compared to the proper-motion speed in our
case because the filament is on the central disk and the field
in it is roughly horizontal). The observed flow speeds are in
agreement with the speeds (70 km s−1) obtained by Alexan-
der et al. (2013) for an active-region filament, using Hi-C
data, whereas Zirker & Cleveland (1994) and Zirker et al.
(1998) reported flow speeds in the range of 5-20 km s−1 for
quiet-region filaments, using Hα data.
3.5. Thread Width
We have measured the widths of the filament/filament
channel (using AIA 171 Å and Hα images in Figure 1),
from the intensity-distance plots from transverse cuts at three
places along the filament/filament channel (Figures 7). In
the plots from the AIA image, the first peak (Figures 7a-c)
corresponds to the northern thread of the filament/filament
channel and the second peak corresponds to the southern
thread of the filament/filament channel. There is a decrease
in intensity in-between the two threads in the gap between
the two threads. Similarly, Hi-C observations (Alexander
et al. 2013) also show a gap between adjacent threads. Ac-
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Figure 6. Counter-streaming flows in two filament/filament channel
threads. Panel (a) and Panel (b) respectively show the AIA 171
Å running-difference time-distance images along the northern and
southern dashed lines drawn in Figure 3l. They show the flows along
the filament’s northern thread and the southern thread, respectively.
The red arrows indicate the flow direction in some of the stronger
flows.
cording to Zirker et al. (1998), counter-streaming in filament
threads might be either superimposed along the line-of-sight
on the same thread or there is a separation between filament
threads having opposite flows. Figures 7d-f show the mea-
sured widths of the filament in the Hα image. These plots
confirm the visual impression from Figure 1 that in the mid-
dle of the filament/filament channel (well away from each
end), the Hα filament is narrower than the AIA EUV fila-
ment/filament channel.
The average widths (using AIA images) of the northern
and southern threads are 3.7 ± 3′′ and 4.0 ± 2′′, respec-
tively. The observed AIA thread widths are wider than the
widths (0.8′′) obtained by Alexander et al. (2013), using
high-resolution 193 Å images from Hi-C, and the widths
(0.3′′) observed by Lin et al. (2005), using high-resolution
Hα images from the Swedish Solar Telescope. Apparently
the filament threads seen in our AIA 171 Å images are bun-
dles of a few finer threads of narrower widths such as seen in
higher-resolution Hα images of other filaments.
4. DISCUSSION
We have investigated the driving mechanism of counter-
streaming flows in a solar filament/filament channel using
SDO and IRIS data. We show the first direct observations of
counter-streaming flows in a filament/filament channel from
AIA, without using any image enhancement techniques. We
find that (i) opposite ends of the filament/filament channel
are at opposite-polarity magnetic network flux lanes; (ii) re-
peated small-scale jets (jetlets) erupt from the flux-lane edges
where the ends of the filament/filament channel are rooted;
(iii) the jetlet eruption at the two ends drive the observed
counter-streaming flows in the filament/filament channel; (iv)
some of the jetlets appear to erupt from sites of flux cance-
lation between majority-polarity network flux and merging
minority-polarity flux, reminiscent of coronal jets; and (v)
IRIS Si IV SJIs show brightening at the base of the jetlets;
this brightening is similar to the base-brightening in coronal
jets.
According to Chen et al. (2014) longitudinal oscillations
(when they are not in phase) in filament’s threads in Hα
observations could appear as bi-directional flows. Whereas
Low & Petrie (2005) suggested that bi-directional flows oc-
cur due to non-equilibrium in magnetic forces at the foot-
points of filament threads. Shen et al. (2015) argued that
counter-streaming flows are possibly caused by magnetic re-
connection at a separator between the prominence bubble and
the overlying-magnetic-field dips. Wang et al. (2018) present
high-resolution Hα observations of counter-streaming flows
that are obviously flows of plasma along a filaments fibrils.
Our observations clearly show that plasma flows in the fil-
ament/filament channel threads are driven by network jets.
The AIA 171 Å movie shows clear evidence of continu-
ous counter-streaming flows throughout the filament struc-
ture (they are not localized to some places), and that the flows
originate from the two ends of the filament. The counter-
streaming flows travel along two different strands, and move
with a speed of about 70 km s−1 in both threads. These flows
are similar to the counter-streaming flows observed by Hi-C
(Alexander et al. 2013) where the authors suggested that the
oppositely directed flows were in separate strands (threads)
of the same filament, and they observed flow speeds in both
threads similar to those in the present observations. The AIA
filament/filament channel threads that we observe are wider
than those observed by Lin et al. (2005) and by Alexander
et al. (2013), perhaps mostly due to AIA’s lower spatial res-
olution. The average width of our filament/filament channel
threads is 4.0′′, whereas Lin et al. (2005) obtained 0.3′′ using
SST Hα images and Alexander et al. (2013) reported 0.8′′
using Hi-C data. Thus, our observations provide informa-
tion on counter-streaming flows in wider filament threads (or
perhaps in bundles of threads) than found from those higher-
resolution observations.
The cool plasma moves with an average speed of about 70
km s−1 in both threads. The observed EUV flows have higher
speeds than the flows observed using Hα data in quiet region
filaments. For example, Zirker et al. (1998) and Lin et al.
(2003) obtained plasma flows speeds between 5-20 km s−1
and 8 km s−1, respectively, using Hα observations of quiet-
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Figure 7. Widths of the filament/filament channel in EUV/AIA and Hα images. Panels (a), (b), and (c) show the AIA 171 Å intensity curve
(black) and the fitted Gaussian function (red) along the cuts (1–3) of Figure 3f, respectively. Panels (d), (e), and (f) show the Hα intensity curve
(black) and the fitted Gaussian function (red) along the same cuts in the Hα image in Figure 1. Note that the range on x-axes is not the same in
all panels. Pixel size of AIA and GONG images are 0.6′′ and 1′′, respectively.
region filaments. Our measured flow speeds are in agreement
with the EUV observations reported by Labrosse et al. (2010)
and Alexander et al. (2013), who observed velocities of 70
km s−1 along individual threads of active-region filaments,
similar to that seen in our observations of an intermediate
filament.
Network jetlets tend to erupt repeatedly at the edges of
strong magnetic network flux clumps are at the boundaries of
supergranule convection cells (Tian et al. 2014; Panesar et al.
2018b, 2019). Jetlets (1, 2, 3, 5, and 6) occur at the sites
of discernible flux cancelation, and base brightening appears
at the canceling neutral line. In jetlet 4 we do see a signa-
ture of minority-polarity flux at the base of the jetlet but do
not observe clear evidence of flux cancelation. In this jetlets,
we do observe brightening at the base. It is possible that a
weak minority-polarity flux is present there at the edge of
the network flux, but not detected by HMI. Since IRIS FOV
does not cover the west end of the filament, there we use only
AIA 171Å images to study the jetlets and their base bright-
enings. Jetlets (7 and 8) each show base brightening and
each brightening occurs at a cancelation neutral line, simi-
lar to the IRIS jetlets observed at the east end of the filament.
These results are apparently consistent with flux cancelation
at the neutral line (between majority-polarity network flux
and a minority-polarity flux patch) preparing and triggering
multiple jetlet eruptions (Panesar et al. 2018b, 2019). The
base brightening that occurs at a canceling neutral line and/or
at the edge of network flux is possibly a miniature version
of the jet-base-brightening that occurs at a canceling neu-
tral line before and during coronal jets (Panesar et al. 2016,
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2017, 2020). The discernible flux cancelation plausibly pre-
pares and triggers the multiple jetlets at the both ends of
the filament/filament channel that drive continually repeated
counter-streaming flows in the filament/filament channel.
If these jetlets are miniature versions of coronal jets then
the base brightenings would result from the internal recon-
nection (it occurs within the legs of erupting minifilament
flux rope and its enveloping field; Sterling et al. 2015), and
the spire would result from the external/interchange recon-
nection (when the erupting flux-rope envelope and flux rope
reconnect with encountered far-reaching magnetic field). In
the present case, the jetlets shoot out horizontally along the
horizontal magnetic field (in the filament/filament channel).
We infer that the plasma flows are injected into the filament
threads via the external reconnection that makes the jetlet
spire. The counter-streaming flows may be further magnet-
ically driven by magnetic-twist waves from the external re-
connection of the erupting flux rope if that flux rope contains
twist (Moore et al. 2015).
Jets and jetlets are also seen to occur at other sites of flux
cancelation (sometimes accompanied, or preceded, by flux
emergence and/or flux coalesce) in mixed polarity photo-
spheric flux at the base of far-reaching coronal loops (e.g.
Tiwari et al. 2019; Panesar et al. 2019) and they might
contribute to heating of coronal loops. Upflows in polar
crown prominences have been observed driving flux cance-
lation at the feet of prominence pillars/barbs (Panesar et al.
2014). Similarly, our network jetlets (evidently prepared
and triggered by flux cancelation) at both feet of the fila-
ment/filament channel are driving the flows in the filament’s
threads. As in filament threads, blueshifts and redshifts in
coronal loops might be due to explosive events at the base
(e.g. Srivastava et al. 2020). Whether such flows in coronal
loops come from jetlet eruptions remains to be established.
Our SDO and IRIS observations show examples of recur-
rent counter-streaming flows along filament/filament channel
threads, and that these counter-streaming flows are clearly
driven by network jetlet eruptions that occur at both ends of
the filament/filament channel. The network jetlets erupt from
the edges of magnetic network flux lanes and therefore plau-
sibly are small-scale versions of the larger jetlets and coronal
jets, most or all of which are prepared and triggered to erupt
by flux cancelation.
There have been several numerical models of larger-scale
jets (e.g., Cheung et al. 2015, Wyper et al. 2018, and ref-
erences therein), but formation of small scale jets, i.e., net-
work jets/jetlets, have not been well simulated. It will be in-
teresting to see whether in a suitable magnetic configuration
such counter-streaming flows as reported here are produced
by simulated jetlets erupting from the ends of a filament field.
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